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Modtaget 

1 1 6 NOV. 2CZ0 

ANALOGUES AND DERIVATIVES OF GASTRIN RELEASING PEPTIDE (GRP) PVS 

FIELD OP THE INVENTION 

The present invention relates to novel analogues and derivatives of Gastrin Releasing 
5 Peptide (GRP) which have a protracted profile of action and to methods of making and using 
them 



BACKGROUND OF THE INVENTION 

Peptides are widely used in medical practice, and since they can be produced by 

10 recombinant DMA technology it can be expected that their Importance w* Increase also in 
the years to come. When native peptides or analogue thereof are used in therapy ft Is 
generally found that they have a high clearance. A high clearance of a ftterapeubc agent is 
Inconvenient in cases where ft is desired to maintain a high blood level thereof over a 
prolonged period of time since repeated administrations wW then be necessary. Examples of 

1 5 peptides which have a high clearance are: ACTH. ccrtcot f opin-feleaslng factor, angtotenski, 
calcitonin, insulin, glucagon, glucagon-lke peptide-1. glucagon-** pepHde-Z, insuBn-Bke 
growth factor-1, insulin-like growth factor-2. gastric Inhibitory peptide, growth hormone- 
releasing factor, pituitary adenylate cyclase a ctiv ati ng peptide, secretin, enterogasWrt. 
somatostatin, somatotropin, somatomedin, parathyroid hormone, thrombopoietln. efythropof- 

20 etin, hypothalamic releasing factors, prolactin, thyroid stimulating hormones, endorphins, 
enkephalins, vasopressin, oxytocin, opiods and analogue thereof, superoxide dismutase, 
interferon, asparaginase, arginase. argintoe deaminase, adenosine deaminase and 
rfbonudease. In some cases it is possible to influence the release profile of peptides by 
applying suitable pharmaceutical compositions, but this approach has various shortcomings 

25 and is not generally applicable. 

Gastrin releasing peptide (GRP) is a 27 amino acid peptide which Is normally produced 
in neuroendocrine cells of the gastrointestinal tract, lung and central nervous system. It acts 
by binding to a specific G-oroteirvcoupled seven transmembrane spanning receptor and has 
diverse physiological effects, including stimulation of cell prof iteration, hormone secretion. -> 

30 gastric motility, immune cell activation, and modulation of neurotransmission. 

Mice with a targeted disruption of the GRP receptor have impaired blood glucose 
clearance and are mildly obese, indicating that GRP-slgnaling la Important for maintaining 
normal glucose homeostasis and normal body weight. 
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It has been shown that GRP can potentiate glucose-induced insulin secretion from 
pancreatic islet cells in vitro. 

The amino acid sequence of GRP is: 

5 123456789 10 11 

Val-Pro-Leu-Pro-Ala-Gly-Gly-Gly-Thr-Val-Leu- 

12 13 14 15 16 17 IB 19 20 21 22 
Thr-Lys-Met-Tyr-Pro-Arg-Gly-Asn-His-Trp-Ala- 

10 

23 24 25 26 27 
Val-Gly-His-Leu-Met-NH 2 

Unfortunately, the high clearance limits the usefulness of GRP for therapeutic 
15 purposes. Thus there still is a need for improvements in this field. Accordingly, it is an object 
of the present Invention to provide analogues and derivatives of GRP which have a pro- 
tracted profile of action relative to native GRP. It is a further object of the invention to provide 
analogues and derivatives of GRP which have a lower clearance than native GRP. Also, it is 
an object of the Invention to provide a new method of treating insulin dependent and non- 
20 insulin dependent diabetes mellitus. and obesity. 

SUMMARY OF THE INVENTION 

We have found that injection of GRP into diabetic rats results in a markedly acceler- 
ated clearance of blood glucose, but only for a short period of time. We have found that the 

25 short time of action of GRP in this model may be explained by rapid inactivation of GRP as a 
result of cleavage by the enzyme DPP IV in plasma. Furthermore, we have found that the 
duration of action of GRP can be extended by making GRP resistant to DPP IV-mediated 
degradation and this can be achieved by mutating specific amino adds at the DPP IV- 
cleavage site, or by acylatton of the GRP. or by a combination of mutation and acytation. 

30 Such mutant or acyiated analogues of GRP exhibit prolonged half-ffe In plasma and s 
prolonged glucose-lowering action In vivo, making them suitable for treating conditions with 
elevated blood glucose levels, such as diabetes, obesity, etc. 

Accordingly, the present invention relates to analogues and derivatives of GRP of formula I: 

35 
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123 456789 10 11 

Xaa-Xaa-Leu-Xaa-Ala-Gly-Gly-Gly-Xaa-Val-Leu- 

12 13 14 15 16 17 18 19 20 21 22 
5 Thr-Lys-Xaa-Tyr-Pro-Arg-Gly-Xa»-His-Trp-Ala- 

23 24 25 26 27 
Val-Gly-His-Leu-Xaa 

10 wherein 

Xaa at position 1 is val or Pyr, 

Xaa at position 2 is Pro, Gry, Val, lt«, or Thr, 

Xaa at position 4 is Pro, Gty. Val, lie, or Thr, 

Xaa at position 9 is Thr or Lys, 
1 5 Xaa at position 1 4 is Met or Leu. 

Xaa at position 19 is Asn or Lys, 

Xaa at position 27 is Met or Leg, 

wherein the e-amlno group of one or more Lye is optionally substituted with a lipophilic 
substituent optionally via a spacer, 
20 or 

(a) a C-1 -6-«ster thereof, 

(6) an amide, C-1-6-alkytamide, or C-1-€-dialkylamide thereof, 

(c) an Fmoc derivative thereof, and/or 

(d) a pharmaceuticaHy acceptable salt thereof. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to novel analogues and derivatives of GRP. The 
analogues and derivatives of the invention have Interesting pharmacological properties; In 
30 particular they have a more protracted profile of action than native GRP. 

A simple system is used to describe analogues and derivatives of GRP. For example, 
Gly^-GRP designates an analogue of GRP formally derived from GRP by substituting the 
naturally occurring amino acid residue In position 2 (Pro) by Gly. Similarly, Lys"(N*- 
tetradeeanoyl)-GRP designates a derivative of native GRP wherein the r-amino group of the 
35 Lys residue in position 13 has been tatradecanoytated Ukewise. Lys 1I (N*-hexadecanoyl)- 
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Val^-GRP designates a derivative of GRP formally derived tram an analogue of GRP in 
which the naturally occurring amino acid residue In position 2 (Pro) is substituted by Vai and 
wherein the E -amino group of the Lys residue in position 1 3 has been hexadecanoylatBd. 

5 GRP Analogues 

In the present text, the designation "an analogue* and similar expressions Is used to 
designate a peptide wherein one or more amino acid residues of the native peptide have 
been substituted by another amino acid residue, hence creating a mutant of the native 
10 peptide. 

The total number of different amino acids between the GRP analogue and the 
corresponding native form of GRP does preferably not exceed five. More preferably, the 
number of different amino acids is four. Even more preferably, the number of different amino 
acids is three. Even more preferably, the number of different amino adds is two. Most 

1 5 preferably, the number of different amino adds is one. In order to determine the number of 
different amino acids, one should compare the amino acid sequence of the GRP analogue of 
the present invention or the amino add sequence of the parent peptide of a GRP derivative 
of the present Invention with native GRP. For example, there are two different amino acids 
between the derivative Gr/ 4 lW\ys 1s (r^7^ieoxychotoyJ))-GRP and native GRP. The 

20 differences are located at positions 4 and 14. The GRP analogues or derivatives of the 
present invention preferably have one or two Lys, more preferably only one Lys. 

In a preferred embodiment, Xaa at position 1 is Pyr. in another preferred embodi- 
ment, Xaa at position 2 is Gly. In another preferred embodiment, Xaa at position 2 is Vai. In 
another preferred embodiment, Xaa at position 4 is Gly. In another preferred embodiment. 

25 Xaa at position 4 is Val. The GRP analogue of the Invention may contain any combination 
of the above amino acid substitutions, which effectively protects the peptide against 
degradation by DOP-IV 

Furthermore. Xaa at position 9 is preferably Thr. Xaa at position 14 is preferably Met, 
Xaa at position 1 9 is preferably Asn, and Xaa at position 27 is preferably Mat 

30 Advantageously, the GRP analogue according to the invention has an amidated C- 

terminus, preferably -NH 2 . 
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Derivatives 

The term "derivative" is defined as a modification of one or more amino add residues 
of a peptide by chemical means, either with or without an enzyme, e.g., by aflcyUtion, 
acytation, ester formation, or amide formation. 

5 

Lipophilic Subetttuents 

In one embodiment of the Invention, the t-amtno group of one more Lys can be substi- 
tuted with a lipophilic substttuent. 

To obtain a satisfactory protracted profile of action of the GRP derivative, the Bpophffic 

10 substituent attached to the GRP moiety preferably comprises 4-40 carbon atoms, in 
particular 8-25 carbon atoms. The tipophlic substituent may be attached to an amino group 
of the GRP moiety by means of a carboxyi group of the Ipophiic substituent which forma an 
amide bond with an amino group of the amino add residue to which H is attached. 

In one preferred embodiment of the Invention, the HpophiBc substituent is attached 

15 to the GRP moiety by means of a spacer in such a way that a carboxyi group of the spacer 
forms an amide bond with an amino group of the GRP moiety. In a preferred embodiment 
the spacer is an a.a-amlno add. Examples of suitable spacers are succinic add, Lys. Gkj or 
Asp. or a dipeptide such as Gfy-Lys. When the spacer is succinic add. one carboxyi group 
thereof may form an amide bond with an amino group of the amino add residue, and the 

20 other carboxyi group thereof may form an amide bond with an amino group of the BpophBc 
substituent. When the spacer is Lys, Glu or Asp, the carboxyi group thereof may form an 
amide bond with an amino group of the amino add residue, and the amino group thereof 
may form an amide bond with a carboxyi group of the lipophilic substituent When Lys is 
used as the spacer, a further spacer may In some Instances be inserted between the e- 

25 amino group of Lys and the iipophifc substituent. In one preferred embodiment, such a 
further spacer is succinic acid which forms an amide bond with the r-emJno group of Lys and 
with an amino group present in the ipophflie substituent. In another preferred embodiment 
such a further spacer Is Glu or Asp which forms an amide bond wHh the e-amino group of 
Lys and another amide bond with a carboxyi group present in the lipophilic substituent, that , 

30 is, the lipophilic substituent is a NNacytatad lysine residue. Other preferred spacers are N*- ' 
(■pL-gkitamyt), N c -{p-L-asparagyi). N*-gfycyf, and KT-( a -( r aminobutanoyi) 

In another preferred embodiment of the present invention, the Hpophltc substituent has 
a group which can be negatively charged. One preferred group which can be negatively 
charged is a carboxylic acid group. 

B240.000-OK 
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In a further preferred embodiment, the lipophilic substituent comprises from 4 to 40 
carbon atoms, more preferred from 8 to 25 carbon atoms. 

In a further preferred embodiment the lipophilic substituent la attached to the parent 
peptide by means of a spacer which is an unbranched alkane a^rdtcarboxyltc add group 
5 having from 1 to 7 methylene groups, preferably two methylene groups which spacer forms a 
bridge between an amino group of the parent peptide and an amino group of the lipophilic 
substituent. 

In a further preferred embodiment, the lipophilic substituent b attached to the parent 
peptide by means of a spacer which is an amino add residue except Cys, or a dipeptide 

10 such as Gly-Lys. In the present text the expression "a dipeptide such as Gly-Lys* is used to 
designate a dipeptide wherein the C- terminal amino add residue is Lys. His or Trp, prefera- 
bly Lys, and wherein the M- terminal amino add residue is selected from the group compris- 
ing Ala. Arg. Asp, Asn. Gly. Gki. Gin, lie. Leu. Val. Phe and Pro. 

In a further preferred embodiment the llpophlc substituent ts attached to the parent 

15 peptide by means of a spacer which is an amtoo add residue except Cys, or is a dipeptide 
such as Gly-Lys and wherein an amino group of the parent peptide forms an amide bond 
wrth a carboxylic group of the amino add residue or dipeptide spacer, and an amino group of 
the amino add residue or dipeptide spacer forms an amide bond with a carboxyi group of the 
lipophilic substituent. 

20 In a further preferred embodiment, the present invention relates to a GRP derivative 

having a lipophilic substituent which comprises a partiaty or completely hydrogenated 

cydopentanophenathrene skeleton. 

In a further preferred embodiment the present Invention relates to a GRP derivative 

having a lipophilic substituent which is a straight-chain or branched afcyt group. 
25 In a further preferred embodiment, the present invention relates to a GRP derivative 

having a lipophilic substituent which is the acyl group of a straight-chain or branched fatty 

acid. 

In a further preferred embodiment, the present invention relates to a GRP derivative 
having a lipophilic substituent which Is an acyl group s el ecte d from the group comprising 
30 CH^CHj^CO-, wherein n b an integer from 4 to 38, preferably an integer from 4 to 24, more 
preferred selected from the group comprising CHjfCHsJeCO-, CH^CHjVCO-, CH,(CHi)iaCO- 
, CH^CH,)i 3 CO-. CH,(CH,)„CO-. CH^CHjUCO-, CHjfCHjJiiCO-, CH^CHaJaoCO- and 
CH^CHj^CO- 
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In a further preferred embodiment, the present invention relates to e GRP derivative 
having a lipophilic substftuent which is an acy! group of a straight-chain or branched afcane 

o.tu-dicartsoxylic acid. 

In a further preferred embodiment the present invention relates to a GRP derivative 
5 having a lipophilic substituent which Is an acyl group selected from the group comprising 
HOOCfCHaVXO-, wherein m is an integer from 4 to 38. preferably an Integer from 4 to 24. 
mors preferred selected from the group comprising HOOC(CHa)uCO-. HOOQCH^wCO-, 
BOOCfCHih.CO-, HOOQCHaJajCO- and HOOCfCHjJaCO-. 

In a further preferred embodiment the present invention relates to a GRP derivative 
10 having a lipophilic substttuent which is a group of the formula 
CH 3 (CH2) P ((CM 2 ),COOH)CHNrK;0(CH 2 ) z CO-. wherein p and q are Integers and p*q Is an 
integer of from 8 to 33. preferably from 12 to 28. 

In a further preferred embodiment the present invention relates to a GRP derivative 
having a lipophilic substttuent which Is a group of the formula CHj(CHz}CO- 
1 5 NHCH(COOHXCH a )iCO-. wherein r r» an integer of from 10 to 24. 

In a further preferred embodiment, the present invention relates to a GRP derivative 
having a lipophilic substttuent which is a group of the formula CHj(CH2)bCO- 
NHCH((CH a )jCOOH)CO-. wherein s Is an integer of from 8 to 24. 

In a further preferred embodiment, the present invention relate* to a GRP derivative 
20 having a lipophilic substttuent which is a group of the formula COOH(CH2)tCO- wherein t is 
an Integer of from 8 to 24. 

In a further preferred embodiment, the present invention relates to a GRP derivative 
having a lipophilic substituent which Is a group of the formula -NUCHfCOOHXCHjJJsiH- 
CO(CHa) u CH3, wherein u is an Integer of from 8 to 18. 
25 In a further preferred embodiment, the present invention relates to a GRP derivative 

having a lipophilic substituent which is a group of the formula CH^CHjXCO-NHKCHiV-CO. 
wherein n is an Integer of from 8 to 24 and z is an Integer of from 1 to 6. 

In a further preferred embodiment the present invention relates to a GRP derivative 
having a lipophilic substituent which is a group of the formula -NHCH(COOftXCH2)»NH- 
30 COCH((CH 2 ) 2 COOH)NH-CO(CH J )XH 3 . wherein w is an integer of from 10 to 16. 

In a further preferred embodiment, the present Invention relates to a GRP derivative 
having a lipophilic substituent which is a group of the formula -NHCH(COOHXCH 2 VNH- 
CCKCHj^^COOHX^H-CCKCHzXCHs, wherein x is an integer of from 10 to 16. 
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In a further preferred embodiment, the present invention relates to a GRP derivative 
having a lipophilic substituent which Is a group of the formuta -NHCH(COOHXCHz)(NH- 
COfCHjkCHfCOOHJNHCC^CHaJyCH,, wherein y is zero or an integer of from 1 to 22. 

In a further preferred embodiment, the present invention relates to a GRP derivative 
5 having a lipophilic substituant which can be negatively charged Such a lipophilic substituerrt 
can for example be a substituent which has a carboxyl group. 

The lipophilic substituent is preferably characterised by having a sokjbffity in water at 
20-C in the range from about 0. 1 mg/100 ml water to about 250 mg/100 ml water, more 
preferable in the range from about 0.3 mg/100 ml water to about 75 mg/100 ml water. For 
10 instance, octanoic acid (C8) has a solubility in water at 20-C of 68 mg/100 ml. decanoic 
acid (C10) has a solubility in water at 20°C of 15 mg/100 ml, and octadecanoic acid (C18) 
has a solubility in water at 20*C of 0.3 mg/100 ml. 

In a preferred embodiment, the parent peptide of the GRP derivative is native GRP. 
However, the parent peptide of the insulin derivative can also be selected from any of the 
1 5 GRP analogues disclosed herein. 

The most preferred GRP derivatives are: 

1 ) Native GRP or analogues thereof (as described above) containing a NpophKc 
substituent on Lys13. 

2) Lys9Argl 3-GRP (with or without further amino add substitutions aa described 
20 above) containing a lipophlic substituent on LysQ. 

3) Argi 3Lysl9-GRP (with or without further amino acid substitution as described 
above) containing a lipophilic substituent on Lys19. 

Other Derivatives 

25 The analogues or derivatives of GRP of the present invention may be in the form one 

or more of (a) a C-1-6-ester. (b) an amide, C-1-6-alcy1amJde t or C-l-6-diaHcylamide. (c) an 
Fmoc derivative, and (d) a pharmaceutical salt In a preferred embodiment the GRP 
analogue and derivatives are in the form of an add addition salt or a earboxytata salt, most 
preferably in the form of an add addition salt 

30 Preferred specific analogues and derivatives of GRP according to the invention 

In a further preferred embodiment the GRP analogue of the invention is selected from 
the group consisting of: 

6349.0000* 
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Pyr'-GRP. GN/-GRP. Gty*-GRP, GI^GIy'-GRP. Vaf-GRP, Val*-GRP, VarVaf-GRP. 
GlyVar'-GRP, and Va^G^-GRP. 

In a further preferred embodiment, the GRP derivative of the invention is selected from 
5 the group consisting of: 

Lys"(N , -dodecenoylH3RP. Lys'^-tetrsdecanoylKSRP, Lys' s (N , -hexadecanoylHSRP 1 
Lys'^N'^lutamyKNT-dodecanoyDlKGRP. Ly» , ^rr^y^lutarr^(NVtetradecanoyt))H3RP, 
Lys ,:, (N l -(rfllutarnyKN*-hexadecanoy1)))-GRP 1 Arg 1 \ya\r*-doiec»noyl)-GRP, Arg'Yys 9 - 
(N , tetradecar»yl)-GRP, Arg 1l Lys 9 (N*-hex»docanoy()-GRP, Anj ,, Ly«'(N , -( r glutamyKN"-do- 
10 decanoyl)))-GRP, Arg ,3 Ly«'(Nr-< r glutamyl<N' I -t«trsdecanoyi)))-GRP, Arg 1 \ys , (N"-<rg«uta- 
myl(N°-hexadecanoyl)))-GRP, Ar B 1J Ly«'*(ISP-dod«»noyl)-GRP, Arg^ya^NMBtradeea- 
noyl)-GRP. Arg ,5 Lys , *(N«-hexadecanoyt>G«P, Ar fl , \vs w (^^u1arnyKN--dodecanoyl)))- 
GRP. Arg l3 Lys , '(N'.( r glutamyl<N*-tetradecanoy|)))-GRP > and Ar B l3 Lys 1, (N'-( r glutamvKN"- 
hexadecanoyi)))-GRP. 

15 

Pharmaceutical composition* 

The present invention also relates to pharmaoautical compositions comprising a GRP 
analogue or derivative of the present invention and a pharmaceuticaUy acceptable vehicle or 

carrier. 

20 Preferably, the pharmaceutical compositions comprise an isotonic agent a preserva- 

tive and a buffer. Examples of isotonic agents are sodium chloride, mannitot and glycerol. 
Examples of preservatives are phenol, m-cresol, methyl p-hydroxybenzoate and benzyl 
alcohol. Suitable buffers include sodium acetate and sodium phosphate. 

The pharmaceutical compositions preferably further comprise a surfactant in order to 
25 improve the solubility and/or the stability of the GRP analogue or derivative. 
The pharmaceutical compositions preferably also comprise zinc. 
The pharmaceutial compositions preferably further comprise another antidiabetic 
agent The term "antidiabetic agent" includes compounds for the treatment and/or prophy- 
laxis of insulin resistance and diseases wherein Insulin resistance is the pathophysiological 
30 mechanism. 

In one embodiment of this invention, the antidiabetic agent is an Insulin, more 
preferably human Insulin. 
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In another embodiment of this invention, the antidiabetic agent is GLP-1(7-37) or GLP- 
1(7-36)amide, or any analogue or derivative thereof, preferably a derivative diedosed in WO 
98/08871 (Novo Nordisk A/S), included herein by reference. 

In another embodiment the antidiabetic agent is a hypogtycaemlc agent, such as an 
5 oral hypogjycaemlc agent. Oral hypoglycaemic agents are preferably selected from the 
group consisting of DPP-tV inhibitors, sulfonylureas, biguanidea, thiazoiidinediones. 
glucosidase inhibitors, glucagon antagonists. GLP-1 agonists, potasium channel openers, 
insulin sensitizers, hepatic enzyme inhibitors, glucose uptake modulators, compounds 
modifying the lipid metabolism, compounds lowering food intake, and agents acting on the 

10 ATP -de pendent potassium channel of the Croatia. Preferred sulfonylureas are tobutamlde, 
glibenclamlda, glipizide and gidazkfe. A preferred biguanlde is metformin. Preferred 
thiazoiidinediones are troglitazone and ciglitazone. A preferred glucosidase inhibitors is 
acarbose. Preferred agents acting on the ATP -dependent potassium channel of the S-cefls 
are: glibenclamlde, glipizide, gliclazkJe, and repagflnide. 

15 The pharmaceutical compositions of the present invention may be administered 

parenteral^ to patients In need of such a treatment. Parenteral administration may be 
performed by subcutaneous, Intramuscular or intravenous injection by means of a syringe, 
optionally a pen-like syringe. Alternatively, parenteral administration can be performed by 
means of an Infusion pump. A further option is a composition which may be a powder or a 

20 liquid for the administration of the GRP analogue or derivative in the form of a nasal or 
pulmonal spray. As a still further option, the GRP analogues and derivatives of the invention 
can also be administered transdermal, e.g. from a patch, optionaly a tontophorebc patch, 
or transmucosalry, e.g. bucally. 

The pharmaceutical compositions of the present invention may be prepared by 

25 conventional techniques, e.g. as described in Remington's Pharmaceutical Saencms. 1985 
or in Remington The Science and Practice of Pharmacy, 19* edition. 1955. 

For example, injectable compositions of the GRP analogue or derivative of the 
invention can be prepared using the conventional techniques of the pharmaceutical industry 
which Involves dissolving and mixing the ingredients as appropriate to give the desired end 

30 product. 

A composition for nasal administration of certain peptides may, for example, be 
prepared as described in European Patent No. 272097 (to Novo Nordisk A/S) or in WO 
93/18785 
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In a preferred embodiment of the present invention, the GRP analogue or derivative Is 
provided in the form of a composition suitable for administration by injection. Such a 
composition can either be an Injectable solution ready for use or tt can be an amount of a 
solid composition, e g. a fyophilised product, which has to be dissolved in a solvent before it 
5 can be injected. The injectable solution preferably contains not less than about 2 mg/ml. 
preferably not less than about S mg/ml. more preferred not less than about 10 mg/ml of the 
GRP analogue or derivative and. preferably, not more than about 100 mg/ml of the GRP 
analogue or derivative. 

The particular GRP analogue or derivative to be used and the optimal dose level for 

10 any patient w9l depend on the disease to be treated and on a variety of factors including the 
efficacy of the specific peptide analogue or derivative employed, the age, body weight, 
physical activity, and diet of the patent, on a possible combination with other drugs, and on 
the severity of the case. It is recommended that the dosage of the GRP analogue or 
derivative of this invention be determined for each individual patent by those skilled in the 

15 art 

Usee 

The present invention also relates to the use of a GRP analogue or derivative of the 
invention for the preparation of a medicament which has a protracted profile of action relative 

20 to native GRP 

The present invention relates also to the use of a GRP analogue or derivative of the 
invention for the preparation of a medicament for the treatment of non-insulin dependent 
diabetes meNitus. 

The present invention also relates to the use of a GRP analogue or deriv a tive of the 
25 invention for the preparation of a medicament for the treatment of irrsuln dependent diabetes 
meWitus. 

The present invention also relates to the use of a GRP analogue or derivative of the 
Invention for the preparation of a medicament for the treatment of obesity. 

The present invention also relates to the use of a GRP analogue or derivative of the N 
30 Invention for the preparation of a medicament with protracted effect for the prevention or 
treatment of Impaired Glucose Tolerance (IGT) or Impaired Fasting Glucose (IFG). 

In a further preferred embodiment, the present invention relates to a method of treating 
any of the conditions above in a patient In need of such a treatment, comprising administer- 
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ing to the patient a therapeutically effective amount of a analogue or derivative of GRP and 
GRP analogue of the present invention together with a pharmaceuticafly acceptable carrier. 
The patient is preferably a mammal, more preferably a human. 

5 Methods of Production 

The parent peptide can be produced by a method which comprises cuRuring a host eel 
containing a DNA sequence encoding the polypeptide and capable of expressing the 
polypeptide in a suitable nutrient medium under conditions permitting the expression of the 
peptide, after which the resulting peptide is recovered from the culture. 

1 0 The medium used to culture the cells may be any conventional medium suitable for 

growing the host cells, such as minimal or complex media containing appropriate supple- 
ments. Suitable media are available from commercial suppliers or may be prepared of 
published recipes (e.g. in catalogues of the American Type Culture Cofcctton). The peptide 
produced by the cells may then be recovered from the culture medium by conventional 

1 5 procedures Including separating the host cells from the medium by centrifugatJon or Wtratton. 
precipitating the proteinaceous components of the supernatant or filtrate by means of a salt, 
e.g. ammonium sulphate, purification by a variety of chromatographic procedures, e.g. ion 
exchange chromatography, gel filtration chromatography, affinity chromatography, or the 
like, dependent on the type of peptide in question. 

20 The DNA sequence encoding the parent peptide may suitably be of genomic or cONA 

origin, for instance obtained by preparing a genomic or cONA library and screening for DNA 
sequences coding for all or part of the peptide by hybridisation using synthetic olgonudeo- 
tide probes in accordance with standard techniques (see, for example, Sambrook, J, Fritsch, 
EF and Mantatis, T. Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory 

25 Press, New York, 1989) The DNA sequence encoding the peptide may also be prepared 
synthetically by established standard methods, e.g. the phoephoamtdrie method described by 
Beaucage and Caruthers, Tetrahadron Letters 22 (1981). 1859 - 1869. or the method 
described by Matthes at al., EMBO Journal 3 (1984). 801 - 80S. The DNA sequence may 
also be prepared by polymerase chain reaction using specific primers, for instance as , 

30 described in US 4.683,202 or Saiki ef al.. Science 239 (1988). 487 • 491 . 

The DNA sequence may be Inserted Into any vector which may conveniently be 
subjected to recombinant DNA procedures, and the choice of vector will often depend on the 
host cell into which it is to be introduced. Thus, the vector may be an autonomously 
replicating vector, l a. a vector which exists as an extrachromosomal entity, the replication of 
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which is independent of chromosomal replication, e.g. a plasmid. Alternatively, the vector 
may be one which, when introduced into a host eel, is integrated into the host oel genome 
and replicated together with the chromosome^) into which it has been integrated. 

The vector is preferably an expression vector in which the DNA sequence encoding the 
5 peptide is operably linked to additional segments required for transcription of the DNA. such 
as a promoter. The promoter may be any DNA sequence which shows transcriptional activity 
in the host cell of choice and may be derived from genes encoding proteins either homolo- 
gous or heterologous to the host cefl. Examples of suitable promoters for directing the 
transcription of the DNA encoding the peptide of the Invention in a variety of host eels are 

10 well known in the art. cf. for instance Sambrcok ef a/., supra. 

The DMA sequence encoding the peptide may also, if necessary, be operably 
connected to a suitable terminator, polyadenylabon signals, transcriptional enhaneer 
sequences, and translations! enhancer sequences. The recombinant vector of the invention 
may further comprise a DNA sequence enabling the vector to replicate in the host eel in 

1 S question. 

The vector may also comprise a selectable marker, e.g. a gene the product of which 
complements a defect in the host cell or one which confers resistance to a drug. e.g. 
ampidnin, kanamycin, tetracyclin, chloramphenicol, neomycin, hygromyejn or methotrexate. 
To direct a parent peptide of the present invention into the secretory pathway of the 

20 host cells, a secretory signal sequence (also known as a leader sequence, prepro sequence 
or pre sequence) may be provided in the recombinant vector. The secretory signal sequence 
is joined to the DNA sequence encoding the peptide in the correct reeding frame. Secretory 
signal sequences are commonly positioned 5" to the DNA sequence encoding the peptide. 
The secretory signal sequence may be that normally associated with the peptide or may be 

25 from a gene encoding another secreted protein. 

The procedures used to Mgate the DNA sequences coding for the present peptide, the 
promoter and optionally the terminator and/or secretory signal sequence, respectively, and to 
insert them into suitable vectors containing the information necessary for repHcation, are weH 
known to persons skilled in the art (cf., for instance, Sambrook ef al. , supra). 

30 The host celt into which the DNA sequence or the recombinant vector is introduced 

may be any ceil which is capable of producing the present peptide and includes bacteria, 
yeast, fungi and higher eukaryotic cells. Examples of suitable host ceils well known and used 
in the art are, without limitation, £ coli, Sacchammycas cer&visiao, or mammalian BHK or 
CHO cell lines. 
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Introduction of a lipophilic substituent onto a parent peptide (GRP or GRP analogue) 
can be obtained by the following general method; 1 equivalent of parent peptide is dissolved 
in water to a concentration of 1-50 mg peptide per mi HjO, and diluted by N-Methyt-2- 
pyrrolidone (NMP) to the ratio 4:1. Then, 1-10 equivalents of an ONSu ester (2.5- 
5 dtoxopyrrolidin-1 -yi ester) of the lipophilic group (e.g. tBtradaeanoic aoid 2.5-dioxopyrrolidin- 
1-yl ester.) dissolved in NMP is added, followed by addition of 1-10 equivalents of a tertiary 
amine, e.g. DI&A The reaction mixture Is allowed to react for 2-20 hours 

Furthermore, the lipophilic substituent can be introduced onto the parent peptide by the 
any of the acylatton methods disclosed in WO 00/55119. which are included herein by 
10 reference. 

The present Invention is further •uatrated by the following examples which, however, 
are not to be construed as limiting the scope of protection. The fe a ture s disclosed in the 
foregoing description and in the following examples may, both separately and in any 
combination thereof, be material for realising the invention ki diverse forma thereof. 

15 

BIOLOGICAL TESTING 

Protraction of GRP analogues and derivatives after *.c- administration 

The protraction of GRP analogues and derivatives of the Invention can be deter- 
mined by monitoring the concentration thereof in plasma after sc administration to healthy 
20 pigs, using the method described below. For comparison also the concentration in plasma 
of native GRP after sc. administration Is followed. 

Pigs (50% Duroc, 25% Yorkshire, 25% Danish Landrace, app 40 kg) are fasted 
from the beginning of the experiment. To each pig 0.5 nmol of test compound per kg body 
weight is administered in a 50 uM isotonic solution (5 mM phosphate, pH 7.4, 0.02% 
25 Tween*-20 (Merck), 45 mg/ml mannitol (pyrogen free, Novo Nordisk). Blood samples are 
drawn from a catheter in vena Jugularls at different hours. 6 ml of the blood samples are 
poured into chilled glasses containing 175 ul of the following solution: 0.16 M EDTA, 1500 
KIE/ml aprotinin (Novo Nordisk) and 3% bacitracin (Sigma). pH 7.4. Within 30 min. the 
samples are centrifuged for 10 min at 5-60O0*g. Temperature is kept at 4'C. The 
30 supernatant is pipetted into different glasses and kept at minus 20'C until use. 

The plasma concentrations of the peptides are determined by RIA using an anti- 
body specific for a region of GRP. The entire procedure is carried out at 4*C. 

The assay is carried out as follows: 100 pi plesma is mixed with 271 pi 96% etha- 
nol. mixed using a vortex mixer and centrifuged at 2600*g for 30 min. The supernatant is 
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decanted into Mlnisorp tubes and evaporated completely (Savant Speedvac AS290). The 
evaporation residue is reconstituted In the assay buffer oonaistino of 80 mM 
NaHjPO«/Na 2 HPO«. 0.1 % HSA (Orpha 20/21. Behring). 10 mM EDTA. 0.6 mM thfernersal 
(Sigma). pH 7.5. Samples are reconstituted In volumes suitable for their expected 
5 concentrations, and are allowed to reconstitute for 30 mm. To 300 pi sample. 100 ui 
antibody solution in dilution buffer containing 40 mM NahbPOJNazHPO,, 0.1 % HSA, 0.8 
mM thiomersal. pH 7.5. was added. A non-specific sample is prepared by mixing 300 pi 
buffer with 100 pi dilution buffer. Individual standards are prepared from freeze dried 
stocks, dissolved In 300 ul assay buffer. All samplas are pre-incubatod in Mlnisorp tubes 

1 0 with antibody as described above for 72 h. 200 pi tracer in dlution buffer containing 8-7000 
CPM is added, samples are mixed and incubated for 48 h. 1.5 ml of a suspension of 200 
ml per litre of heparln-stabilised bovine plasma and 18 g per Utre of activated carbon 
(Merck) in 40 mM NaHjPOjNazHPO.. 0.6 mM thiomeraal. pH 7.5. is added to each tube. 
Before use. the suspension is mixed and allowed to stand for 2 h at 4*C. AM samples are 

15 Incubated for 1 h at 4'C and then centrifuged at 3400*g for 25 min. Immediately after the 
can trif ligation, the supernatant is decanted and counted in a y-counter. The concentration 
in the samples Is calculated from individual standard curves. 



20 
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CLAIMS 

1 . An analogue or derivative of GRP of formula I: 

5 123456789 10 11 

Xaa-Xaa-Leu-Xaa-Ala-Gly-Gly-Gly-Xaa-Val-Leu- 

12 13 14 15 16 17 18 19 20 21 22 
Thr-Lys-Xaa-Tyr-Pro-Arg-Gly-Xaa-Kis-Trp-Ala- 

10 

23 24 25 26 27 
Val-Gly-His-Leu-Xaa 

wherein 

1 5 Xaa at position 1 is Val or Pyr, 

Xaa at position 2 is Pro, Gly. Val, lie, or Thr, 

Xaa at position 4 is Pro, Gly, Val, lie, or Thr, 

Xaa at position 9 is Thr or Lya. 

Xaa at position 14 is Met or Leu. 
20 Xaa at position 19 Is Asn or Lys, 

Xaa at position 27 '» Met or Lau, 

wherein the c-amino group of one or more Lys Is optionally substituted with a lipophilic 

substituant optionally via a spacer, 

or 

25 (a) a C-1-6-ester thereof, 

(b) an amide, C-l-6-alkylamide, or 01-6-dialky< amide thereof, 

(c) an Fmoc derivative thereof, and/or 

(d) a pharmaceutical^ acceptable salt thereof 

30 2 An analogue of GRP according to claim 1 . wherein Xaa at position 1 is Pyr. 

3. An analogue of GRP according to dalm 1 or 2, wherein Xaa at position 2 is Gly 

4. An analogue of GRP according to any of the preceding daims, wherein Xaa at 

position 2 is Val. 
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5. An analogue of GRP according to any of the preceding claims, wherein Xaa at 
position 4 is Gly. 

6. An analogue of GRP according to any of the preceding daims, wherein Xaa at 

position 4 is Val. 

5 7. An analogue of GRP according to any of claims 2 to 6, wherein the total number of 
different amino acids between the GRP analogue and native GRP is live. 

8. An analogue of GRP according to any of claims 2 to 6. wherein the total number of 
different amino acids between the GRP analogue and native GRP la four. 

9. An analogue of GRP according to any of claims 2 to 6. wherein the total number of 
1 0 different amino acids betw e en the GRP analogue and native GRP is three. 

10. An analogue of GRP according to any of daims 2 to 6, wherein the total number of 
different amino acids between the GRP analogue and native GRP is two. 

11. An analogue of GRP according to any of claims 2 to 6, wherein the total number of 
different amino acids between the GRP analogue and native GRP is one. 

15 12 An analogue of GRP according to any of the preceding daims. wherein Xaa at 
position 9 is Thr. 

13. An analogue of GRP according to any of the preceding claims, wherein Xaa at 

position 14 is Met. 

14. An analogue of GRP according to any of the preceding daims, wherein Xaa at 

20 position 19 is Asn. 

15. An analogue of GRP according to any of the preceding daims. wherein Xaa at 

position 27 is Met. 

16. An analogue of GRP according to any of the preceding daims having an amidated C- 
terminus, preferably -NHj. 

25 17. A derivative of GRP according to daim 1, wherein the e-amino group of one or 
more Lys Is substituted with a lipophilic substituent optionally via a spacer. 
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A derivative of GRP according to daim 17. wherein one or two Lys Is substituted wHh 
a lipophilic subsbtuent optionally via a spaoar. 

A derivative of GRP according to claim 18, wherein only one Lya is substituted with a 
lipophilic substftuent optionally via a spacer. 

A derivative of GRP according any of dawns 17 to 19, wherein the ipophlic substtu- 
ent comprises from 4 to 40 carbon atoms, more preferred from 8 to 25 carbon atoms. 

A derivative of GRP aocording to any of claims 17 to 20. wherein a IpophiRc 
subsbtuent is attached to an amino acid residue in such a way that a cwboxyl group 
of the lipophilic substftuent forms an amide bond with the ^amino group of Ly>. 

22. A derivative of GRP according to any of claims 17 to 21. wherein the gpophic 
subsbtuent is attached to the parent peptide by means of a spacer. 

15 23. A derivative of GRP according to daim 22. wherein the spacer Is an unbranched 
alkane a.ardicarboxylic acid group having from 1 to 7 methylene groups, preferably 
two methylene groups, which form a bridge between an amino group of the parent 
peptide and an amino group of the HpophiDc substftuent 

20 24 A derivative of GRP according to daim 22, wherein the spaoar is an amino add 
residue except Cys. or a di peptide such as Gty-Lys. 

25 A derivative of GRP according to claim 24. wherein the c-amlno group of Lys forms 
an amide bond with a carboxyfcc group of the amino add residue or di pep tide spacer, 
25 and an amino group of the amino acid residue or dipepbde spacer forms an amide 

bond with a carboxyf group of the lipophilic substrtuent 

26. A derivative of GRP according to any of claims 17 to 25. wherein the spophlfic * 
substituent comprises a partially or completely hydrogenated cydopentonophena- 

30 threne skeleton. 

27. A derivative of GRP according to any of claims 17 to 25, wherein the lipophilic 
substituent Is a straight-chain or branched aNcyl group. 
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28. A derivative of GRP according to any of claims 17 to 25. wherein the Mpophlic 
substituent is the acyl group of a straight-chain or branched fatty acid. 

5 29. A derivative of GRP according to daim 28, wherein the acyt group Is selected from 
the group comprising CH^CHj^CO-, wherein n is 4 to 38, preferably CHsfCHafeCO-, 
CH^CH^CO-. CH^CH^oCO , CH^CH^jCO-, CH,(CH 2 h«CO-. CH^CrWXJ-. 
CHj(CH 2 ) lt CO-, CH^CHiJaoCO- and CH^CHjJaCO-. 

10 30. A derivative of GRP according to any of claims 17 to 25, wherein the lipophilic 
substituent is an acyl group of a straight-chain or branched atone a.ar-dlcarboxyfic 
add. 

31 . A derivative of GRP according to daim 30, wherein the acyl group Is selected from 
1 5 the group comprising HOOQCH^CO-. wherein m is from 4 to 38, preferably from 4 

to 24. more preferred selected from the group comprising HOOC<CH2>,<CO, 
HOOC(CH 2 )„CO-, HOOQCHsfctCO-, HOOqoyaoCO- and HOOC(CH2)nCO-. 

32. A derivative of GRP according to any of claims 17 to 25. wherein the lipophilic 
20 substituent is a group of the formula CHi(CHiy(CH2)^OH)CHNH<:0(CH 2 } 3 CO-. 

wherein p and q are integers and p+q Is an Integer of from 8 to 33, preferably from 12 
to 28. 

33. A derivative of GRP according to any of claims 17 to 25, wherein the lipophilic 
25 substituent is a group of the formula CH s (CH2VCO-NHCH(COOHXCH 1 ) s CO-, wfwrein 

r is an integer of from 1 0 to 24. 

34. A derivative of GRP according to any of claims 17 to 25, wherein the lipophilic 
substituent Is a group of the formula CH^CHzVCO-NHChXCCHzyzCOOHycO-, 

30 wherein s is an Integer of from 8 to 24. 

35. A derivative of GRP according to any of daims 17 to 25, wherein the lipophilic 
substituent is a group of the formula ^HCH(CCX)HXCH 2 WvlH-CO(CH2) u CH a . wherein 
u is an integer of from 8 to 18. 
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36 


A derivative of GRP according to any of daims 17 to 25, wherein the RpophOc 
substituent Is a group of the formula -NHCH(CCX>lXCH2WslH-COCH((CH 2 ) z COOH)- 
NH-CO(CHa)wCHi, wherein w Is an integer of from 10 to 16. 




37. 


A derivative of GRP according to any of daims 17 to 25, wherein the Ipophic 
substituent is a group of the formula -NHCH(CCX3HXCH Z VNH-CO(CH2)<CH(COOH)- 
NH-CO(CH a ).CHj. wherein x Is an integer of from 10 to 16. 


10 


38 


A derivative of GRP according to any of daims 17 to 25, wherein the ipophiac 
substituent is a group of the formula ^HCH(CCX)HXCHtVNH<a(CHi)BCH(COOH>- 
NH-COfCHj)/^. wherein y is zero or an imager of from 1 to 22. 


15 


39. 


A derivative of GRP according to any of daims 17 to 36. wherein the parent peptide 
is a GRP analogue according to any of daims 2 to 16. 


20 


40. 


A pharmaceutical composition comprising an analogue or derivative of GRP 
according to any of the preceding daims and a pharmaceuUcaOy acceptable venide 

or carrier. 




41. 


A pharmaceutical composition of claim 40, further comprising another antidiabetic 
agent. 




42. 


A pharmaceutical composition of daim 41, wherein the antidiabetic agent Is an 

Insulin, more preferably human Insulin. 




43. 


The pharmaceutical composition of daim 41, wherein the antidiabetic agent is a 
hypoglaemic agent. 


30 


44. 


The pharmaceutical composition of claim 41 , wherein the antidiabetic agent is GLP-1 
or a an analogue or derivative thereof. 
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ABSTRACT 

The present invention relates to analogues and derivatlvaa of GRP which have a 
protracted profile of action, as well as their use in treatment of e.g. Type 2 diabetes and 

5 obesity. 
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